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Attached  is  a  cc^y  of  the  "Aaat;isl  Report  of  the  Joint  High'way 
Research  Project,  1960-1961" »  "Ehis  rqaort,  the  23rd  in  s>  series,  presents 
the  activities  of  the  Project  during  the  j^st  year. 

A  very  brief  sunsnsry  of  the  contents  of  the  report  is  included 
as  the  first  section  of  the  report,  Ihe  report  aleo  contains  addi.ticnal 
details  and  considerable  information  on  the  activities  of  the  Project 
and  its  staff  during  the  year. 

The  progress  and  success  tdiich  is  presented  here  has  been  the 
result  of  the  excellent  cooperation  and  efforts  of  the  Project  steff, 
the  understanding  cooperation  of  the  Purdue  Ifciversity  adinittistration, 
the  members  of  the  Indiana  St&te  Highvay  Commi.ssion  end  the  -wise 
guidance  of  the  Advisory  Board. 

The  report  is  presented  to  the  Board  for  the  record. 

Respectfully  submitted, 

Eaxold  L,  Michael 
Associate  Director 
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MNOAI.  REPORT  OF  ffiS  JOISQ?  HKHl^Y  RBSEABCE  PROJECI 
Ju3y  1,  i960  to  June  30,  I96I 


The  Project  conducted  research  in  its  seven  established  areas 

and  in  four  special  studies  during  I960-63.  vith  thirty- seven  (ST)  research 

projects  "being  active.  Of  these  studies,  ei^t  (8)  •were  coirpleted  and 

nine  (9)  new  projects  vere  initiated.  Twelve  (12)  of  the  congoleted 

projects  vere  ccaiducted  "by  staff  asmbers  viio  also  utilized  the  .(Research 

in  the  preparation  of  a  graduate  thesis.  The  foUoidjag  table  lists  each 

of  the  ei^t  areas  and  the  distii  "butioa  of  active  projects,  conipleted 

projects,  theses  and  new  projects: 

Research  Projects  I960-6I 

Number  of 


Active  Projects    Btieses      Hev 

Research  Area  Projects  CcmoXeted             Projects 

Airphoto  Inteipretation  6  1               13' 

Bit\aninous  Materials  and  Flexible  Sfeveraent  5  2               2            2 

CJhemistry  of  Materia^.s  2  110 

Concrete  Materials  end  Rigid  Pavemsnts  4  2               2            1 

Sconoodcs,  Adssinistration  and  Finance  5  Oil 

Soils  and  Pavement  Design  6  2,                BO 

Traffic  Engineering  mid  Safety  5  111 

Special  Projects  h  5               11 

TOTAIB  3T  f             12           9 

The  active  research  projects  dto^ing  the  yea.?  by  area  were  as 

follows: 
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Alnaboto  Igtegpret&tion 

Application  of  Aiiphorto  Interpretaticax  in  the  Determination  of 

Runoff  Constants  from  Szoall  P^teraheds 
Indiana  Engineering  Soils  Mapping 
State  Drainage  M^ 

An  Analysis  of  Ehotogjpaannetry  Applied  to  Right-of-Vfey  Surveys 
A  Classification  and  Glossary  of  land  Forms  and  Parent  I&terials 
Classification  of  W.sconsin  Ground  Jforaine  ty  Airphoto  Interpretation 

Bitinninous  Materials  and  FlexilxLe  Pavement 

Shear  Strength  of  JBitunri.nous  Mixtures 

Bituminous  Concrete  Pavement  Design 

Investigation  of  Bituminous  Concrete  Stability  hy  Hveem  Stahiloioeter 

Use  of  Radioactive  Tracers  in  the  Detej^aination  of  Haase 

Relationships  Between  Asphaltic  Binders  and  Mineral  Aggregates 
Aggregate  Jfegiradatioa  in  Bitumino;is  Mixtures 

Chemistry  of  Materj-als 

Dairpproofing  !IteatEi3nt  of  Bridges 
Method  for  EJvaluatiag  Aggregate  Gradings 

Concrete  tfetexials  and  Rigid  Pavanents 

Evaluation  of  Aggregate  Durahililqr  hy  Freezing  sad  2^ving  Tests 

of  Concrete 
Further  Studies  of  Deleterious  Substances  in  Indiana  Aggregates 
Eatigue  Properties  of  Li^t-Weight  Aggregate  Concrete 
Development  of  Precision  Statements  for  AS£K  Test  Methods 

Eeoncmics,  Administration  and  Finance 

ID]S>&ct  of  the  Le'tencn  and  Kokcmio  i^rpasses 
Early  lagsact  of  an  Interstate  Eigh\^y 
Stiidies  of  Partial  l&lcLngs 
Early  Ingjact  of  an  l^rben  Hi^vay  Ii!5»roveinent 
Highway  Performance  Evaluation 

Soils  and  P&ven^nt  Desi^ 

Statistical  Analysis  of  Soil  Sajj^jliog 

Flexible  Pavement  Design 

Deflection  Measurements  -  Flexible  Pavement  of  U,  So  3I  Test  Head 

Interaction  of  the  Effects  of  Certain  Variables  on  the  Stresses 

and  Deflection!  of  I^VBTaents 
Pore  Water  Pressure  Parameters  During  Static  and  Repeated  load  Tests 

of  Soil-Aggregate  Bsise  Mixtxzres 
Effects  of  Repeated  Loading  on  the  Strength  and  Deformation 

Cbaz-acteristics  of  Soil-Aggregate  Mixtures  ai^iloying  Triaxial 

Coospression  Tests 
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Traffic  Bnglneeripg  and  Safety 

Periodic  Speed  Studies 

Truck-Wei^t  Speed  Studies 

Evaluation  of  ISfeijor  Urban  Intersections 

Vehicular  Characteristics  on  Acceleration  and  Deceleration  lanea 

Effects  of  Traffic  Control  De-vices  at  School  Crossings 

Special  Pro.lects 

Study  of  Runoff  frcan  Svnall  Ibrainage  Areas  for  Hi^Tj^ay  Drainage 

Design  in  the  State  of  Indiana 
Hydraulics  of  River  KLow  Under  Arch  Bridges 
Measurements  of  Ibistxare  Gradients  in  Concrete  Pavements 
Research  on  Chemical  Weed  Control 

Forty-nine  (k^)   fornsal  reports  were  presented  to  the  Advisory  Board 
during  the  year  totaling  3*010  pages  of  information.  Twenty-tvo  (22)  of 
these  vere  research  r^orts,  eleven  (ll)  were  technical  papers,  eleven  (U) 
were  plans  of  study  and  five  (5)  were  administrative  reports, 

Four  (k)  of  the  research  projects  were  specie!  studies  with  the 
Bureau  of  Public  Roads  and  Indiana  State  Hi^-way  Cojcmission  and  utilized 
in  part  (about  70?^)  ^^  funds.  Three  of  these  -  Hydraulics  of  Arch  Bridges, 
Measurement  of  Moisture  Gradients,  and  Engineering  Soils  Mapping  -  were 
continued  from  previous j^rs .  The  fourth  project  -  Highway  Ingjact  Studies  - 
was  initiated  Jxily  1,  I96O.  A  fifth  study  approved  by  the  i^ard  during 
the  year  -  Chemical  Weed  Control  -  has  been  submitted  to  the  cooperating 
agencies  for  approval  as  a  Special  Study.  This  latter  study  will  be 
conducted  in  cooperation  with  the  Department  of  Botany  and  Plant  Pathology, 
of  the  School  of  Agricialture. 

In  addition  to  the  Department  of  Botany  and  Plant  Patholo^,  other 
Departments  and  Schools  of  the  University  actively  participated  in  Project 
studies  the  past  yearo  ^ese  included  the  revision  of  l^thsaiatical 
Sciences,  the  Bionucleonics  Department,  the  Department  of  Agricultural 
Eteonomics,  the  Agronony  Department,  and  the  Soil  Conservation  Service. 


•iS 


The  l»Tt3i  Annual  Road  School  vas  held  l%xch  27-30,  1961  and  vas 
attended  l?y  over  IICX)  persons.  Ten  counties  and  cities  were  given  advice 
and  counsel  on  highway  planning  and  traffic  engineering  problesis  acd 
numerous  counties  were  given  advice  and  counsel  on  nauy  problems,  much  of 
this  in  cooperation  with  the  Hi^^jay  Ejctension  and  Research  Project  for 
Indiana  Counties. 

Two  Indiana  State  Higbisy  Crasanission  engineers,  chaired  the 
Board  during  the  year  -  i4r.  C,  B*  Vogelgesang  until  his  resignation  from 
the  Hi^way  Cannaission  in  Ifey  I96I  and  Kr.  J.  R.  Cooper  since  May.  5?wo 
new  Board  members  -  Mr.  J.  V.  Sacrthe  and  Mr,   F.  S,  Hill  were  appointed 
during  the  year,  replacing  Messrs.  Vogelgesang  and  Jo  E.  Wilson.  Board 
ffissibers  Ashbaucher  and  Goetz  and  Secretary  Michael  attended  all  eight 
meetings  held  during  the  year.  Messrs.  Lsonards,  Mills j  Mclau^ilin  and 
Woods  attended  all  but  one  of  the  ei^t  with  Professor  Woods  missing  his 
first  meeting  in  2h  years.  Mto  Vogelgesang  attended  all  seven  of  the 
meetings  held  prior  to  his  resignation. 

On  J\me   30,  I96I,  the  Staff  of  the  Project  consisted  of  fourteen 
(lU)  research  engineers,  three  (3)  research  associates,  three  (3)  research 
assistants,  fifteen  (15)  graduate  assistants,  two  (2)  service  personnel, 
and  three  (3)  clerical  personnel  -  a  total  of  forty  (ko),    nineteen  (I9) 
staff  members  resigned  during  the  year  and  ei^teen  (iS)  new  members  ^rere 
en^loyed.  TSxe  three  manbers  of  the  staff  with  the  longest  terms  of  service 
with  the  Project  are  Professor  W.  H.  Goetz,  ariployed  ISay  13,  1938j  Mr, 
Eronson  Luttrell,  eng?i<^^d  August  6,  1938 j  and  Professor  K.  B.  \^oods, 
esnplcyed  Pebruaary  1,  1939  • 

li^Jor  items  of  equlpnent  purchased  during  the  year  incltided  the 
following  valued  at  approximately  $15,  SCO"  Centrifuge,  portable  skid 
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resistance  equipment,  traclnneter  (speed  and  distance  ii^asurenient  device), 
contoiiraaBtic  duplicator,  masoory  saw,  electric  ftimace,  escpemsion  pressxxre 
device,  concrete  aggregate  scale,  sieves,  film  projector,  "ball  mill  ro32er 
type,  ttltrasonic  cleaner,  air  conroressor,  electric  vibrator,  remodeled 
moist  room,  oratory  testing  machine,  concrete  mixer,  and  pore  pressure 
equipment . 

The  Project  encumbrances  during  the  year  totaled  $l6U,6l9ol3  of 
■vSalch  $38,208.50  vas  encumbered  on  Special  Study  (HPS)  projects.  The 
Project  received  $150,000.00  from  the  State  Highway  Department  of  Indiana 
for  Project  use  and  \ms  paid  $19,525.89  during  the  year  for  expenditiires 
made  on  the  HPS  Special  Studies  in  this  end  at  the  end  of  the  preceding 
year.  A  total  of  $11^3.50  -was  also  received  from  the  sale  of  drainage 
maps  during  the  year. 

Ten  (lO)  reprints,  t-^oeive  (12)  theses,  and  seven  (7)  other  imajor 
papers  vere  piiblished  1^  the  staff  during  the  year.  In  addition,  "Uae 
Proceedings  of  the  J*6th  Annual  Road  School,  the  I96I  Directory  of  State, 
County  and  City  Officials,  and  Higjiv'ay  Extension  Nevs  -were  published  dxiring 
the  year.  Staff  meiribers  also  gave  sixteen  (16)  foimal  papers  and 
presented  over  forty  (U^  addresses  during  the  year  at  numerous  locations 
and  before  numerous  groups. 

Members  of  the  staff  were  active  on  numerous  national  committees, 
holding  a  total  of  sixty-one  such  meiiibershipso  Organizations  -which  were 
served  were  the  Intematicmal  Society  of  Photogrammetiy,  ASOM,  ACI,  HRB, 
AREA.,  ABBA,  ASCS^  ITE,  AAPT,  and  ASEE.  Staff  members  attended  meetings 
and  conferences  of  these  national  or^nizations  in  all  parts  of  the  Ihiited 
States  and  also  attended  maay  meetings  of  technical  and  professional 
organizations  at  local  and  state  levels.  Members  of  the  staff  also 
served  as  consultants  to  numerous  organizations. 
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Tvro  meirbers  of  the  staiT  were  procioted  during  the  year,  W.  L, 
Dolch  and  R.  D.  Miles  to  ranlc  of  Associate  Parofessor  sad  Jfa*o  J.  R.  Bell 
becEuae  registered  as  a.  Professional  Engineer  during  the  year. 
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RESEABCHSS  OP  HEE  JOIHT  HICmmY  RSSEAECH  PROTECT 

The  Joint  Highway  Research  Project  in  the  School  of  Civil 
Engineering  is  organized  to  do  cooperative  research  with  the  State 
High-way  Department  of  Indiana.  Research  was  initiated  on  Jime  1,  1936, 
and  fonnally  airtiiorized  "by  an  act  of  the  Indiana  State  Legislature  on 
March  11,  1937*  and  ^tended  March,  19^*9 »  ^e  pxirposes  of  this  organization 
are  to  make  basic  studies  of  materials  used  in  highways;  to  facilitate 
econcmical  design,  construction,  and  jnaintenance  of  county  and  state 
highways!  to  investigate  traffic,  safety,  and  economic sj  to  provide 
advanced  instruction  in  the  fundamentals  of  highway  engineering  and 
related  research;  and  to  provide  practical  experience  in  construction  and 
saintenance  procedures  and  use  of  hi^way  materials.  !33ie  Project  was 
guided  in  I96O-6I  by  an  Advisory  Board  consisting  of  five  members  of  the 
State  Highway  Commission  and  six  members  of  the  staff  of  the  School  of 
Civil  Engineering  at  Purdue  University, 

!Ehe  research  conducted  during  the  yeax  in  seven  established 
areas  and  in  special  studies  for  the  State  Highway  Commission  was  varied 
and  iagooirtsmt.  !Ehirty«-seveai  (37)  research  projects  were  active  and  are 
briefly  discussed  in  the  folloTri.ng  pages- 
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Airphoto  Interpretation  Reseaarch 

Research  Ifiider  the  Cirectimof  R.  2).  Miles 

Application  of  Airphoto  Interpretation  In  the  Dstermiaation  of  Rvmoff 
Ccaistants  for  Saall  Watersheds  (C-36~32N)  "  ~~ 

Investigator:  Merle  Parvis 

Bils  research  Is  an  interpretative  studj'  of  stream  arraogeicent  mid 

general  drainage  basin  characteristics  by  the  vise  of  aerial  photographs. 

The  attributes  and  parameters  of  the  ■watershed  are  being  studied  for 

their  relation  to  storm  runoff.  IHie  technique  should  be  applicable  to 

the  deteraiination  of  values  of  constants  for  hi^vay  struct^lre  design. 

Eighteen  t^  twenty  -watersheds  in  the  various  physiographic  provinces 

In  Indiana  are  being  investigated.  A  procedure  is  being  developed 

■rflereby  the  engineer  can  apply  directly  the  iafomstion  obtained  from 

aerial  surveys  of  small  watersheds . 

Classification  and  Glossary  of  Land  Forms  and  Parent  l>^terials  CC-36-3^) 
Investigator:  R.  L.  Terrel 

r©xe  purpose  of  this  study  was  to  investigate  the  literature  and 

to  prepare  a  uniform  classification  and  coag)ile  a  glossary  of  land  form 

and  parent  material  terms  applicable  to  airp^io^  interpretation  of  soils 

and  rocks.  A  definition  of  each  land  form  particularly  as  it  pertains 

to  shape,  size  and  genesis  was  included  for  over  250  land  fosmsoj  A 

definition  of  each  parent  material  type  with  respect  to  origin  and 

textural  composition  was  included  in  the  final  report  for  over  100 

unconsolidated  and  consolidated  earth  material  that  form  the  parent 

material  groups. 
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Analysis  of  ghotogranaEetry  Applied  to  Rlght-of~1fe.y  Surveys  CC-36-32Q) 
Investigator:  P.  F.  Sctidieri 

Bie  purpose  of  this  project  is  to  determine  the  feasibility  and 
the  application  of  photograjanetry  to  the  preparation  of  Hiaps  for  the 
acqxiisiti<Mi  of  ri^t-of-vay  for  traasportatica  systems.  The  study  is 
limited  to  the  use  of  a  double  projection  photograsmnetric  instrmaent 
(Kelsh)  for  siap  conpilatioa.  23ie  study  area  is  a  section  of  the 
Interstate  highway  system,  and  vac  photographed  by  the  Indiana  State 
Highu&y  Commission.  Lengths,  bearings  and  areas  are  being  determined 
for  right-of-wiy  purposes  in  an  iirban  amd  rural  section. 

Classification  of  Wisconsin  Ground  Moraine  by  Airphoto  Interpretation 
(C-36-32R)  " 

Investigator:  W.  P.  James 

'She  purpose  of  this  project  is  to  investigate  and  develop  the 

characteristic  airphoto  pattern  elements  of  each  of  the  three  svibstagea 

of  the  Wisconsin  Glacial  ground  moraine.  Two  areas  of  one  township 

in  size  vere  selected  in  each  of  the  three  substages.  Qualitative  and 

quantitative  studies  of  topography,  surface  drainage^,  gully  erosion, 

photo  tones  and  land  iise  are  being  made,  and  are  being  correlated  vith 

the  engineering  soils  associated  vith  the  various  substages.  The 

difference  in  the  airphoto  patterns  that  are  iisgiortant  in  classifying 

the  ground  neraines  as  to  ingjorfcant  engineering  soil  areas  are  being 

developed. 

Indiana  Engineering;  Soils  Mapping  (C-36-5IB) 
Investigator:  P.  T.  Yeh 

The  objective  of  this  project  is  to  obtain  a  can^lete  engineering 
soils  map  of  the  State  of  Indiana  <>  Engineering  soil  ziiaps  with  an 
engineering  report,  of  individual  counties  are  prepared  at  a  scale  of 
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one  inch  equals  one  mile  using  aerial  photograpihs  and  agricultural 
soil  saps  as  basic  sourcesof  soil  infoxusation.  Soils  are  san^led  in 
the  field  and  engineering  tests  are  performed  in  the  JHRP  Soils 
Laboratory.  Biis  reseaarch  is  "being  conducted  under  a  special  project 
with  the  Soil  Conservation  Service,  the  Joint  Highway  Research  Project, 
the  Bureau  of  Fublic  Beads  and  the  Indiana  State  Eigh-uay  Commission. 
Soil  profiles  are  saanpled  by  the  Soil  Conservation  service  and  engineer^ 
ing  soil  tests  are  performed  in  the  Joint  Highwey  Research  Soil 
Laboratory.  Sumsnary  soil  reports  are  then  submitted  to  the  Bureau  of 
Public  Roads  o  53iese  reports  are  coHgpiled  into  a  table  for  publication 
in  the  Agricxoltural  Soil  Survey  report  by  the  Soil  Conservation  Service 
and  a  sunmazy  is  also  included  In  the  Project's  engineering  report. 

State  Drainage  Map  (C-36-5U) 
Investi^tor:  P.  T.  Yeh 

Ccm3)ilation  of  a  map  at  a  scale  of  one  inch  equals  four  miles 
sho-wing  detailed  stream  systems  is  the  object  of  this  project.  The  m^ 
is  being  eo!ig)iled  by  tracing  photographic  reductions  of  county  drainage 
nsjps  prepared  using  aerial  photogrsphs .  Sixteen  counties  vere  added 
this  year  nsaking  a  total  of  76  counties  traced  onto  the  State  Brainage 
2&LP  and  ccsapletion  of  the  ssaig^ing  is  planned  by  late  I96I0 

Bitximinous  Ifeterials  and  flexible  Pavement  Research 
Research  under  the  direction  of  W.  H.  Goetz 
Shear  Strength  of  Bituminous  Mixtures  CC-36-6P) 
Investigator:  J.  Ho  Schaub 

This  investigation  considered  the  effect  om  shear  in  bituminous 
Mjcfcvires  of  the  method  of  perfor^Eing  the  test,  including  drainage 
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conditions  and  the  measva-ement  of  volune  change.  The  study  developed 
the  relationship  hetveen  void  content  and  shear  strength  ss  &  failure 
criteria  for  a  mixture  prepared  to  a  given  set  of  Initial  conditions. 

Investigation  of  Bltvanlnous  Concrete  Stsibility  by  Hveem  StaMlometer 

{c-36-m)        ~         '^    "■      "  ~ 

Investigator:  N.  G,  Gaudette 

for 
!15xi8  investigation  has  he^/the  purpose  of  studying  the  validity 

of  the  Hveem  or  Ca3JLfomia  design  procedure  "^en  applied  to  Indiana 

laixtures.  A  recomnendstion  has  been  made  for  application  of  the  method 

to  the  design  of  both  binder  and  surface  mixtures  in  Indiana. 

An  InvestigaticOT  of  Agspreeate  Degradation  in  Bituminous  Mixtttres  CC°36-21C) 
Investigator:  F.  >toavenzadeh 

Types  and  causes  of  degradation  of  aggregates  in  Bituminous 
mixtures  are  being  investigated,  by  use  of  the  Gyratory  CoB5>actor.  The 
effect  of  degradation  on  the  properties  of  fines  are  being  investigated 
by  performing  conventional  tests  on  different  fines  -with  different 


Use  of  Radioactive  Tracers  in  the  Dstermination  of  Phase  Relationship 
Between  Asphaltic  Binders  and  Mlaerai  A^jgregates  (C"36°2^B) 

Investigator:  D,  S.  Ifiab 

Radioactive  tracer  techniques  are  being  used  to  study  the 

dispersion  of  asphalt  in  asphaltic  mixtures  and  the  variations  in 

relationship  betveen  aggregate  and  asphalt  vlth  changes  in  properties 

and  types  of  mixtux^e. 
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Mtianinous  Concrete  Pavement  Design  (C-36=55E) 
Investigator:  N,  G.  Gaudette,  Movenzadeh  and  Goetz 

A  continuing  study  is  "being  laade  of  changes  in  density  and  Hveem 
stability  of  bituiainous  Mixtures  lusjrvice  and  this  is  being  related 
to  performance. 

Chemistry  of  Materials  Research 
Research  under  the  direction  of  W.  L.  Eblch 
Ifengprocfing  gcesatment  of  Bridges  (C-36-37Z) 
Investigator:  Jo  F.  McLaughlin  and  W.  L.  Dolch 

In  the  fall  of  1956  parts  of  two  new  overpass  hi^"^t.y  bridges  near 
Marion,  Indiana  were  treated  with  a  silicone  solutiaa  through  the 
courtesy  of  the  nanxrfacturer  of  the  product »  A  third  bridge  ^jas  later 
partial  ly  treated  vith  epoxy  nsterial. 

Bae  three  bridges  that  have  been  partially  treated  vith  daagH- 
proofing  Bjatarials  have  been  observed  periodicallyo  Extensive  popout 
dEunage  has  occirrred.  Sozde  minor  scaling  has  occtirredo  2%iere  is  no 
obvious  relationship  between  silicone  treatmsnts  and  the  presence  or 
absence  of  dSBSge,  however.  The  epoxy  material  has  performed  veU. 

tfethod  for  Evaluating;  Af eg-egate  Gradiags  (C-36"J»2G) 
Investigator:  fendor  Pqpovics 

A  mathematical  ana2^is  of  gradings  for  concrete  aggregates  has 
been  tested  by  the  application  of  standard  tests  to  plastic  aad 
hardened  concrete  of  both  rich  and  lean  and  wet  and  dry  characteristics  6 
A  statistical  analysis  has  shown  that  the  main  hypothesis  is  reasonably 
vindicated.  This  hypothesis  is  best  stated  throu^  a  logical  corollary, 
viz:  Gradings  that  have  the  same  values  of  fineness  moduli^s,  specific 
surface,  and  maximum  size  will  produce  concrete  that  has  the  same 
plastic  and  hardened  prc^erties. 
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Concrete  Materials  and  Hlgld  ^veaent  Besearch 

Research  under  the  direction  of  J.  ?.  Mclau^ilin 

Bvaluaticn  of  Aflgreaate  Durahility  by  Freezing  and  JBiawing  Tests  of 
Concrete  (C-36-37XJ 

Investigator:  J.  P.  IfcLaughlin 

Kiis  is  a  project  consisting  of  the  testizig  of  aggregates  in 
concrete  subjected  to  freezing  and  thawing  in  automatic  equipment. 
Aggregates  from  many  sources  have  heen  tested  to  ohtain  information 
helpful  in  setting  xip  better  specifications  for  concrete  aggregates. 

The  investigation  also  includes  various  studies  of  fectors 
affecting  concrete  durability,  such  as  inaacirnum  aggregate  size  and 
■water/c«aent  ratio.  Studies  of  variations  in  test  method  for  freezing 
and  thawing  tests,  are  included. 

Furldier  Studies  of  Deleterious  Substances  in  Indiana  Aggregates  (C-3^^*SP) 
Investigator:  R.  L,  Schuster 

The  qxiantitative  effect  of  several  <diert  and  shale  gravels  on  the 
laboratory  freeze-thaw  durability  of  concrete  was  determined.  Reasons 
for  differences  in  the  behavior  of  the  various  loaterials  vere  deduced. 

Ig^tigue  Properties  of  Lif^t  Weiafat  A^ggre^te  Concrete  (C-36-.56Q) 
Investigator:  W.  H.  Grey  and  J.  D.  Antrim 

^e  S"R  curves  for  a  hi^-strength  and  a  lov-strength  concrete 
containing  expanded  shale  aggregate  were  detezmined.  These  results, 
significant  in  themselves,  "were  conjured  to  similar  data  developed  for 
normal  vei^t  concrete. 

Development  of  Precision  Statements  for  AS^M  Test  ifethods  CC-36-65A) 
Investi^tor:  S.  J.  Hanaa 

Several  ASSI  test  methods  for  concrete  and  aggregiate  are  being 
studied  to  determLne  limits  of  repeatability  aad  reproducability. 
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Seonamics,  AdrnJalsti-ation  aad  Finance  Research 

Hesearch  under  the  direction  of  H,  L.  lachael 

Hig^vay  PerfarBance  E^fflluatioa  (C-36-5ij-BB) 
Investigator:  7.  F.  NaJceumira 

The  piurpose  of  this  research  is  l)  to  determine  the  correlation 

of  objective  measuremsats  vith  subjective  hunan  Judgjnsnt  of  pavement 
surfaces  using  svRh.  measurements  as  road  roughness,  2)  to  determine  the 
correlation  of  hl^-my  ratings  made  by  experts  in  the  field  of  hi^way 
engineering  vith  ratings  nE.de  by  typical  road  users,  and  3)  to  determine 
the  coirelation  of  s\ibjective  highiray  ratings  and/or  objective  measure- 
ments -with  ratings  of  the  sufficiency  rating  type.. 

A  saizs>le  of  roads,  including  several  functional  classes,  surface 
types  and  conditions  will  be  selected  and  rated  by  sevej-al  groups  and 
methods  o  The  ratings  will  then  be  ccss^psrsd.  aaid  analyzed. 

Iiig?act  of  the  Lebemon  sad  Kolatgno  bypasses  CC»36«»6i|A) 
Investigator:  V.  G.  Stover 

The  effect  of  the  construction  of  a  bypass  m'ound  a  city  is  the 

subject  of  this  research.  OSie  effect  csa  land  use  and.  development,  land 

value,  traffic  flow,  traffic  accidents  and  on  the  general  cosnaunlty 

welfare  are  specific  subjects  of  concern .  The  bypasses  studied  were 

constmicted  in  1950  as  non-limited  access  facilities  of  two  lanes  each. 

Bach  has  since  been  constructed  to  four  lanea  and  one  of  them  has  beea 

made  limited  access.  The  changes  which  have  occurred  during  the  initial 

construction  and  the  later  construction  are  the  subject  of  this  analysis. 

The  study  includes  an  evaluation  of  long-term  effects  as  well  as  short» 

term  and  intermediate  ones. 

Barly  iBgaaet  of  &a  Interstate  Highway  (C-36»6^B) 
Investigator:  J.  A.  Fletcher 
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The  injjact  of  an  Interstate  hi^way  (Interstate  6^  between  Lebanon 
and  Indianapolis)  "idiich  is  on  a  n^?  location  appzxscissstely  parallel 
of  but  aboirt  one-eighth  nile  distant  trcm.  a  former  najor  arterial 
highvay  is  the  stibject  of  this  study.  !I!he  initial  changes  in  land  use 
and  development,  land  value  and  traffic  are  being  investigated  and  will 
be  the  specific  subjects  of  this  stu(3y.  Data  on  these  itenas  and  other 
factors  are  also  being  collected  and  these  data  are  to  be  organized  in 
such  a  oanner  that  they  can  be  readily  kept  current  and  that  additional 
studies  of  longer  team  effects  can  be  evaluated  at  later  dates.  Ibis 
study  is  being  conducted  in  cooperation  vith  the  State  Eighway  Cccnnission 
of  Indiana  using  BPS  funds. 

Studies  of  Partial  Takings  (C-36-6i*C) 
Investigator:  V.  G,  Stover  and  J.  A.  Fletcher 

^e  land  ovnership^  land  value,  and  land  u£e  changes  \&ich  occur 

on  the  remaining  parcels  of  land  after  takjags  by  the  state  hight»y 

cooBzdssicai  are  the  s\ibjects  of  this  research.  !I!he  information  reported 

vill  include  information  on  land  use  and  land  value  prior  to  the 

construction  of  a  new  highway;  the  situation  with  regard  to  each  partial 

taking,  including  ^>praisala  and  c^ossges  paid;  and  infox^s^tion  as  to 

lemd  use  and  value  at  a  later  date,  especially  in  the  event  of  a  sale 

of  all  or  a  part  of  the  rensindero  This   study  is  being  conducted  in 

cooperation  with  the  State  Ei^\m^  Comzaission  of  Indiana  iising  HPS  funds. 

Early  Iiroact  of  an  Qrban  Hi^wey  Xzaprovemsnt  Cc«36-6J*D) 
Investigator:  A.  P«  Lohr 

Bie  iiBpact  of  an  iajirovsaent  to  a  najor  arterial  urban  street  in 
Indiana  on  land  use  and  development,  land  vPvlue,  traffic  conditions, 
and  the  conmiunity  are  to  be  studied  in  13alB  research.  She  early 
effects  (during  construction  and  immediately  after  qpening)  of  this 
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construction  will  be  stixdied  and  reported  and  the  data  organized  in  such 
a  manner  as  to  fiswilitate  keeping  it  ciirrent  and  the  conduct  of  additional 
later  studies.  The  urban  inrorovemfint  to  he  studied  is  a  new  bridge  and 
its  approaches  in  the  Greater  Iaf5a^ette  urban  area.  This  study  is  being 
performed  in  cooperation  with  the  State  Hi^way  Comndssion  of  Indiana 
using  HPS  funds. 

Soils  and  Paveigent  Dgsj.ga  Research 
Research  under  the  direction  of  E.  J,  Yoder 
Statistical  Analysis  of  Soil  Sacrpling  CC-36-36A.) 
Investigator:  Delon  E^npton 

Purpose  of  the  study  was  to  determine  if  soils  derived  frcna  the 
same  parent  materials  and  under  the  saias  environmental  conditions 
possess  the  same  engineering  properties.  Also,  the  variability  of 
certain  engineering  properties  vas   deteisained  as  well  as  the  nuuiber 
of  sac^jles  required  to  give  a  desired  degree  of  precision.  Soils  of 
Madison  and  Tipton  Counties,  Indiana  vere  used  in  this  study. 

The  following  tests  were  used  as  measures  of  soil  variability: 

1.  Atterberg  Limits 

2.  Standard  AASHO  con^action  test 

3.  Hveem  Stabilooeter  and  swelling  pressure  tests 
U.  CBR  test 

3»    Grain  size  analysis,  and  the 
6.  l&confined  coiapression  test 

Also,  x^ray  diffraction  tests  were  used  to  determine  the  type  of  clay 
minerals  present. 

Pore  Water  Pressure  Par^aeters  During  Static  and  Repeated  Ltmd  Tests 
of  Soil  Aggregate  Base  Mixttires  (C-36-45G) 
Investigator:  R.  V/.  Johnson 

Pore  pressures  are  being  measured  in  the  triaxLal  undrained  test 
under  vaiying  axial  load  increments .  The  load  is  applied  under 
repetitive  cycles  of  20,000  to  100,000  cycles  or  xmtil  failure  occurs. 
Volume  Change  and  defonaatiCHa  are  observed. 

Repeated  load  Tests  on  Subbase  Materials  from  AASHO  Test  Road  (C-36-i!-5H) 
Investigator:  J.  H.  Haynes 

The  research  report  of  this  study  reports  the  results  of  a  laboratory 
investigation  of  the  behavior  of  gravel  and  crushed  stone  mixtures 
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Ttie  project  provides  for  naldLng  deflection  meafiuraneats  on  the 
flexible  pavements  of  the  U.  S.  31  test  javeroent  near  Columbus,  Indiana. 
The  study  is  intended  to  assist  in  the  evaluation  of  the  test  pavieiaent 
and  to  yield  fundenjental  data  on  the  load- deflection  characteristics  of 
flexible  pavements. 

Interaction  of  the  Effects  of  Certain  Variables  on  the  Stresses  and 
Reflections  of  Pavements  (C-36"52F)     ~      ~    — —    ~ 

Investigator:  E.  J,  Yoder 

!Qiis  study  deals  "Hith  theoi'etical  stresses  and  deflections  in 
flexible  and  rigid  pavements,  numerical  values  of  stresses  and 
deflections  are  being  obtained  for  various  loads,  pavement  thidmess, 
tenperature  ccmditions  and  subgrade  types.  Shese  data  will  be  aislyzed 
to  determine  the  Interaction  of  the  above  variables  on  stresses  and 
deflections . 

graffic  Ebgineering  and  !grg»ffic  Safety  Research 
Sesear<di  under  the  direction  of  H.  L<,  Michael 
Periodic  Speed  Studies  CC-36-lOC) 
Investigator:  D.  P,  Petty  and  Forrest  D,  Miller 

Since  19l*l,  periodic  speed  sttidies  have  been  made  by  the  Joint 
Hi^rway  Research  Project  staff  at  several  locations  near  Laffeyette. 
Speeds  are  talcen  each  time  at  the  same  stations  of  fX>ee»£loving  traffic 
on  tangent  sections ,  In  the  latest  study,  performed  in  Sept^nber  i960, 
an  increase  in  the  average  speed  vas  noted  for  both  passer]ger  cars  and 
trucks  on  t-wo  and  four  2&db  highways  from  that  foxmd  in  March  I96O. 
!Ihe  increase  noted  vas  approximately  one  siile  per  hour.  The  purpose 
of  this  study  is  to  obtain  the  trending  x^aktare  of  vehicle  speeds  csa 
the  open  hi^way. 
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!Pruck  Speed-Weight  Studies  CC-36-lOD) 
Investigator:  D.  P«  Petty 

Annually,  in  August,  in  cooperation  -aith  the  Ei^inaiy  Pluming 
Surv^  unit  of  the  State  Sl^a\s8^  Cozmnissicn  of  Indianap  speeds  and 
weights  of  a  saniple  of  truclcs  are  obtained.  Indiana  is  <Mi2y  one  of 
several  states  -vdiich  conducts  sxich  studies  under  the  national  direction 
of  the  Rjreau  of  Public  Eoads,  These  studies  are  aade  to  evaluate  the 
trends  in  the  speeds  and  trei^ts  of  the  vario\is  classes  of  txxicks  t3bich 
use  the  highways.  Bae  study  in  Indiana  in  August  I960  indicated  that 
the  speed  and  t^eight  of  single-unit  truclcs  had  slightly  increased  from 
that  noted  in  1959  and  that  the  speed,  hut  not  the  weight,  of  imilti- 
xinit  truclcs  had  also  increased.  The  latter  decrease  for  inultiple«"Uait 
trucks  vas  approxi tnately  one-thousand  pounds. 

Evaluation  of  m.'iOT  Ife-ban  Intersections  (C-36-I72) 
Investigator:  W.  W,  Schenler 

l_A  rating  system  is  proposed  for  wa^OT  \irhan  intersections,  "vrtiich 
are  the  source  of  trouble  and  delay  in  urban  street  networks.  IHie 
general  pslnciples  developed  app3y  to  all  intersections  5  in  addition 
specific  rating  values  are  deTmlqped  for  certain  at-grade  intersections 
^fliich  are  controlled  by  fixed-time  signals.]  Tte  Intersection  Eating 
proposed  is  a  "sufficiency  2«,ting"  aad  is  state-d  as  a  percentage  of  a 
"fuLly-sufficient"  intersection c  Factors  influencing  the  ability  of  the 
intersection  to  serve  traffic  are  divided  into  two  general  categories 
>diich  are  rated  independently  and  combined  to  estalxU^h  the  Intersecti^i 
Bating. 

These  two  are  a  Physical  Rating,  -vfiiich  is  concerned  with  the 
structural  and.  gectoetric  conditions  existing  at  the  intersection,  and 
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the  Traffic  Bating,  vblch  is  a  device  for  evaluating  user  satisfaction  - 
based  oa.  average  delay  per  viahicle  -  with  ths  service  rendered  "by  the 
intersection  vtnder  ^dsting  volume  and  control  conditicsis.  (^Is^  are 
evalviated  by  nathematical  aodels  of  traffic  flow  and  are  coJi5)ared  -with 
actual  delays  found  at  several  intersections.  Beasonable  agreement 
•V&&  estabLishedc/ 

She  rating  technique  \!&s  also  applied  to  several  intersections  and 
the  results  -were  found  to  "be  realistic. 

Analysis  of  School  Children  Crossing  Protection  {C-36-17U) 
Investigator:  F,   D.  Miller 

She  purposes  of  this  research  are:  to  evaluate  the  effect  of 
various  traffic«>control  devices  at  school  crossings;  to  evaluate  the 
effectiveness  of  overpasses  and  underpasses  as  school  crossjjigs.;  and 
to  evaluate  the  seriousziess  of  the  school  crossing  problem  in  Xndiajm. 

Various  methods  of  "teaming  drivers  of  school  children  crossings 
are  being  studied  relative  to  their  effect  on  the  speed  of  mctoidsts 
as  they  s^proach  such  crossings.  Characteristics  of  use  of  ovejrpasses 
smd  underpasses  as  veil  as  other  school  crossing  controls  are  also  being 
investigated  and  accident  records  in  Indiana  are  being  used  to  determine 
the  seriousness  of  the  school  crossing  problsa  in  Indiana. 

Bie  project  will  be  cco^ileted  by  the  end  of  I96I0 

VehiCTilar  Characteristics  <m  Acce3.eration  and  Deceleration  Lanes  CC-36<=1TV) 
Investigator:  Ueddy  Jowzy 

"ShLe  z^search  study  on  the  use  of  acceleration-deceleration  lanes 
•ihen.  coa^leted  vtll  provide  a  factual  backgrotmd  re^irding  traffic 
behavior  as  affected  by  acceleration  and  decelei^tion  lane  ge<»iiBtry. 
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The  puxposes  of  this  research  are  to  djeterniine  the  speed  and  lateral 
placanent  of  v^icles  on  "various  designs  of  acceleration  and  deceleration 
lanes  on  high  tjpe  jPacilities,  and  to  correlate  acceiezation  and 
deceleration  lasie  desigas  -sd-th  tradffic  "behavior  and  driver  requireioents 
and  deterniine  the  acceleratitxi  and  deceleration  lane  design  of  designs 
■«diich  provide  the  most  efficient  CBid  safest  operation. 

Bie  speed  and  lateral  placement  of  vehicles  using  acceleration- 
deceleratiai  lanes  and  their  location  with  reject  to  the  through 
traffic  lanes  are  theaajor  variables  of  the  study. 
Special  Research  Projects 

Areas  for  Highvay  Stgainage  feaign 

Investigator:     I»  P.  Wu,  under  the  direction  of  J.  W.  Delleur 

/  Kie  purpose  of  this  researdi  is  to  stu(^  the  l^drologjr  of  ^-ater- 
sheds  less  than  200  square  miles  throughout  the  State  of  Indiana,  to 
i33^rove  the  existing  nsthods  for  estimating  the  runoff  from  these 
■watersheds  J  and  to  improve  the  existing  methods  of  hi^way  drainage 
structure  ser^dcing  small  -aatershedso.   The  e-nslysis  of  peak:  flow  trcea. 
all  "isater sheds  less  than  200  square  miles  for  ^jhich  the  U.S.G.S. 
publishes  records  has  "been  irnds  t^  13ie  method  of  statistics  using  ertr^ae 
values »    The  effect  of  geomorphological  variables  has  been  studied.  \a 
aailtiple  corrslatirai  has  been  prepared  to  estimate  the  25  year 
instantaneous  peaJc  runoff  from  a  \«s,ter-8hed  of  given  area,  gix^en  mean 
relief,  given  mean  slqpe,  given  stream  disisity  cmd  giviai  geometry.! 

I^ydraulics  of  River  Flcr,T  Ifader  Arch  Bridges    CC-36-62B) 

Investi^tor:    E,  J.  Owen,  A.  Soolsy,  S.  T.  Eusain,  P.  P.  Biery,  under 
the  direction  of  J.  W,  Itelleur 
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The  pirrpose  of  the  research  is  to  study  the  effects  of  arch 
hrldge  constrictions  upon  the  stream  flow,  to  develop  methods  of 
conpxxtatlon  of  hackuater  due  to  arch  constrict icais,  to  deterznine 
discharges  from  hi^  -water  csrl^,  and  to  deteiraine  the  reqxzired  -water 
•way  area  for  a  given  discharge  and  a  glvKi  permLssihle  backwater. 

Bie  objectives  of  the  research  have  been  acccirolished  for  send.- 
circular  and  circular  segment  arches  provided  they  do  not  have  skew, 
entrance  rovmding  or  chamfering  and  assiazsetry.  The  studies  of  dual 
arch  bridge  cosastrictions  emd  of  the  effect  of  ving  walls  on  the  flow 
patterns  are  in  progress » 

Measurea^nt  of  Moisture  Gradients  in  Concre'be  Pavetnaits  (C-36»6^) 
Investigator:  Jo  B.  Bell,  xmder  the  direction  of  G,  A.  Leonards 

The  purpose  of  this  investigation  is  to  develop  and  test  a  noisture 
meter  suitable  for  determining  the  moisture  contents  and  nsolsture 
gradients  in  ccmcrete  pavemsnt  slabs.  Preliminary  Investigations 
indicated  that  a  capstcitance  type  meter  was  the  most  promising.  Cvirrent 
studies  of  the  cajpacitance  wster  content  relationship  of  ssortars  being 
conducted  \d.th  a  one  megacycle  capacitance  bridge  indicate  several 
problems  in  the  method.  While  the  capacitance  is  a  sensitive  Indicator 
of  water  content  changes  the  actijal  measiH-ed  capacitance  is  strongpiy 
influenced  by  other  factors  such  as  salt  concentaration  of  the  water  in 
the  pores  of  the  mortar,  the  electrical  frequency  of  the  measviring 
instrument,  ten5>erature  emd  others.  Efforts  to  remove  liiese  effects 
through  appropriate  calculations  have  been  only  partially  effective, 
^e  results  to  date  are  inccmcliislve  and  the  investigations  are 
continuing. 
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Research  on  Cheiaical  Weed  Control  (C-sS-ijBB) 
Investigator:  Wo  J".  Eanaer,  imder  direction  of  Jo  R.Shay 

OJie  purpose  of  this  proposed  project  is  to  detenaine  the  herbicide 
ssterials,  application  methods  (prlnarlly  rates)  and  equipment  to 
utilize  in  order  to  obtain  s^cimum  veed  control  at  a  Tni.nAmum  cost  for 
conditions  in  Indiana. 

Most  of  the  research  wjrk  vill  he  in  conrs  ction  with  foliage 
spra^,  ramely  2,  h^H„    Other  studies  vill  involve  the  use  of  soil 
sterilants  under  guaard  lails  and  around  o-Qier  higjivay  structures.  Some 
stiidy  viH  he  nade  of  the  use  of  maleic  hydrazide,  a  grass  suppressor 
or  retarder.  Siere  -will  also  he  studies  involving  the  problesa  of 
undersirable  taH^groviag  grasses  tdiich  are  not  IdHed  by  2,  k^H 
such  as  Johnson  grass,  quack  grass,  giant  foxtail,  etc. 
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TRAFFIC  £I\l&IiJE£HXm  SBR^CES  mm 


In  1954»  a  vaaLt  known  as  Tr:affic  Enslneafing  Sorvieos  Unit  "ms 
organiaed  vd.thin  the  Joint  Highway  KsBearch  Project  at  Purdue  Univorsity 
to  provide  traffic  and  transportation  enginaering  services  for  the  city 
and  eoiinty  govenioiental  units  of  Indian&o  The  eeirvices  offered  are  pri°^ 
s&rily  advioe  and  counsel  on  traffic  and  high^^iay  probleios  on  an  extension 
basiso  Arrangesants  may  also  be  made,  hoi7e'Ver>  for  this  Unit  to  supeiv 
vise  and  assist  in  the  conduct  and  analysis  of  traffic  and  highvay  studies 
tfith  the  cost  borne  by  the  goversusental  unit  ccnc«nt8d«  The  activity  of 
the  Unit  during  the  past  year  has  been  as  follows  j 


Itoa 

Govern^ 

msntal 

1 

South  Bend 

2 

Huntingtoia 

3 

Valparai^ 

Sergjeea  Rendered 


Status 


Davieas 

County 

Akroa 


Mvice  and  counsel  on  planning  a  paa^di^  Cosipleto 
study  for  South  Benl 

Advic®  and  eoioissl  on  location  of  park*   Oonpleta 
ing  lets  in  Huntington 

Advice  and  counsel  on  isovement  and  park«  Active 
ing  in  vicinity  of  Valparaiso  Univ« 
Advice  to  Valparaiso  UniVo  on  Master 
Plan  of  streets  and  parking  on  Can^jus 


Advice  and  eoxsisel  on  road  classifica^ 
tion  study  of  Daviess  County 

Advice  and  counsel  on  pasidng  lot  «* 
skating  riak  in  Akron  City  Parfc 


Indianapolis   Advice  and  counsel  on  the  best  loannsr 
to  conduct  comprehensive  study  of 
Metropolitan  Indianapolis 


Complete 
Go^^>I^t9 


7   Nappanse 


6     Tippaoanoe 
County 


Advi^  and  ootmsel  on  transporation  and   Active 
urban  growth  problenss 


Advice  and  counsel  on  road  nmdaering 
and  road  classification  in  Tippecazsao 
County 


Active 


2k 


9      LafB^Btte  Advies  asd  eoimssl  on  traffic  problsjss        Activ* 

10     Wast  Lafa^tt9  Advloe  and  eounsal  on  traffic  problene        Active 

U      NUoeFoxis  Advice  and  counsel  on  the  establiehssnt      Activo 

Counties    of  a  road  identification  aystaau    Co- 
operated vjith  Highway  Extension  and 
Reeearoh  Project  ft>r  Indiana  Coxmties  in 
this^^area 
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PEE30MKEL  OF  JOIMT  HIGHWAY  RESEARCH  PROJECT 
Jua»  3Q»  1961 


J.  Ro  Coopar  (1) 

Fe  Le  Ashbauohor 
J.  Vo  Snorthe  (2) 
Po  Fo  Havey 
F»  So  Hill  (3) 
Ko  Bo  Woods 
W»  H.  Goets 
G«  A*  LBOjsards 
Je  F«  MeLau(^11n 
Bo  So  Hills 
Jo  Lo  ViaUqg 
Mo  Bo  Soott  (4) 
Ho  L.  mohaol  (5) 


(state  Highvs^  Ddpartment  of  Indlazia)^ 
Ghaixman 

(state  Hi^i4a7  Department  of  Indiana) 

(Stete  Highway  Daparbznent  of  Indiana) 

(state  Highway  Dspartmant  of  Jbidiana) 

(state  Hlgh^^ay  Departsant  of  Indiana) 

(Purdue);  Vice-Oiaijioan 

(Purdue) 

(Purdue) 

(Purdue) 

(Purdue) 

(Purdue) 

(Purdue) 

(Purdue)^  Secretaxy 


(1)  Elected  (Siairotan  of  the  Board  Juno  21^  1961 

(2)  i^polxttod  a  xaajsber  of  the  Board  in  June^  1961 

(3)  Appointed  a  aeadber  of  the  Board  in  Aprils  1961 

(4)  Professor  Ssott  attends  a  representative  of  the  Engir;ieoring  Experi° 
Qsnt  Station  and  is  a  non>voting  seznbero 

(5)  Iton-ivotlng  maosbero 


Ir or •:  -Li'-i: '  .'hi. 


ftbocA/  «a  Jl 
steoO  M  «W 


•.^?:«^q^.^ 


S6 


^ 


u 


CM 


4 
I 

n 

s 


to 


1^ 


go. 


^^ 


r4        V\ 


ej«»>tOC«>MOHHf^i-!         I 


r-4        Q        CO        C)        «0        «>       CN 


»gif?go:5^;^'"'|^8| 


>4XXJ>^<<«««X  K  <>4}«J 


}^^X>^<!XiXX! 


>4      w      >4       X  XXX 


< 


XXX 


X       X       X       X       X       X 


X       X       X       X  <i       X       X  X       X       X       X       X       X 


X       X       X       X  X       <       < 


X      ^      X       X         i       X 


X       X       X       <  XXX  X       X       X       X         I       X 


^       <^      X       X  XXX  X       X       <       X         i       X 


JS        Q        O        » 

^  a  8  s 


o 


BS      as 


*^     3 


o 


C^l 


a 


■  9 

i 

e 

o 


«^ 


X!  © 

I  5  ^ 
a  I  ig 


>-^         >  vO 


s 

a 


a 

15 

3 

8 

CO 

e 


(t«        >        » 


pq      (!}      n 


.55 


4 


•^      *:»      o      ►»      *3      M 


-^      -2 


>-»      p      '/>      m 


^        fe       ^       t        =5       ,i 


H 


H       K 


i        00 

To;*" 


ii 


r-  ',-.  K 


fe 
iS 

i 


ts 


x      -.^ 


^1      > 


♦^■•^^ 


I     «4 


t8 


i^;         "v; 


>^ 


s 


if 


I 


8^ 


i8 


i=v 


\  t 

r^ 

C< 

-■'^ 

"- 

rv 

fl 

r 

1 

1 

f, 

i 

1 

o 

i 

I 

«1 

CD 

2q 

t 

t. 

L 

o 

u 

• 
(4 

^ 

» 

• 

Hi) 

b 

;< 

# 

• 
C 

'o 

• 

« 

^ 

• 

• 
•4 

• 

I  I 


j4i 
•4 


»5 


II 


I 


2f 


I 

s 
t 

6 


a  ^         Ho 


I 


V3 

•r~. 

''J 

1 

*^ 

\i 

c< 

fc' 

.'• 

.^      h.<  ,  s- 

r.j  *s. 

•//  '•    '.'■  ■.'-J  y. 

'.'*'       ' 

^ 

-fc   (i»    •'  .   .;.   /.. 

^   -> 

•  ■.      •J.U  .'A  ,Cj 

O  tV)  lU 


o  ':^  L.  ? 


Ik 

O        V 

S.i5 


S-^ 


1-  '-• 


-^ 

?« 


%      • 


"JS  ;\-  ^ 


§  J^   't>  (-c 


<   *-t  n 


« 

»   ■-?   »r  tr  ?f^ 

o  ?-.• 

1-.. 

U.  f.>.   ^,,     ^      - 

.•  1     -:4. 

-i: 

■o    JT'    'i;.   .%  >y 

^ 

'> 

'^-  ?■  P  i*  'P 

^  '■•'  ^  ^  J' 

£i    ;i    O   O   iS> 
•^  «  ^  Z  f^ 

"•  •* 

■-■' 

-anj.'^'SS.fci 

p  ^i>  >\v !.-,.  0/.,'>/V-  ^  'w'wi" 

•"•  ■>~' V-' iw- v-»  „  .•!S  ws[^-I3 


28 


Baaeareh  Staff 


Admlnisti^tlirB  Staff 

Ke  Bo  Woods,  Dirsotor 

He  L.  I>Q^dia$l»  Associat«  Oisectos* 


Research  Englnea^ 

Jo  Bo  Bell 
J,  W.  Dsllfiur 
Wo  Ho  CioetB 
Ho  Jo  GutSHillAr 
Re  VJo  Johnson 
Ro  II,  Lswls 
Jo  Po  McLaughlin 
Ro  Oo  Miles 
M»rXe  Parvis 
Ko  Jo  Iharp 
Po  To  2Uk 
Eo  Je  lodesr 


(Soilss  Geology) 

(Hjrdraulios) 

{In  Ctiaxfsop  Bitundnovis} 

(Structujres) 

(Soils) 

(Traffic) 

(In  (%arge»  Concrete) 

(In  Charge^  Airphoto) 

(Airphoto) 

(Traffic) 

(Airj^joto) 

(In  Cbas^fi  Soils) 


BBsearoh  A3«ociatjf>ff 

Ao  Ka  Branham 
I»  Wo  Buxr 
W.  U  OolOh 


(£eon<»nie8) 

(StatisUcs) 

(In  ChiLTgia,  Chezoistzy) 


Beagarch  Aasistaats 

Jo  deCo  Antrin 
Do  Fo  Pettsr 
V«  Go  Stover 


(Concrete) 

(Traffic) 

(£0<aioiaie8) 


:i2saa. 


2& 


Ggaduate  Assistants 

S,  P.  BroteoB 
Ao  Surge  s% 
Te  P.  Qjang 
Jo  Fa  Class 
So  Jo  Hanim 

\^«,   Pe  Ja£BS 
N«  Lo  Jouineaux 
Ms  Co  Jouzy 
So  Lippai 
Co  T«  loho 
A.  F»  Lohr 
Fo  Do  miler 
Fo  I-isavenzadeh 
Vo  Fa  Nalfftmjira 
p,  Fo  ScudteJri 


(Cheaist^) 

(Soils) 

(H^sauHoa) 

(Soils) 

(Concsreta) 

(Airphoto) 

(Soil©) 

(Traffis) 

(HydTBulicjs) 

(Soils) 

(Traffic) 

(Traffic) 

(Bituminous) 

(Ecostomics) 

(Airphoto) 


Seyvice  Persoiawl 

£U  Lo  Black 
Ho  B.  Ittttrall 


(Photosraphic  aad  Bupllofi 
(Shop) 


Clerical  Persomsl 

Kay  Critchell 
"ETOBBtiDe  Soith 
Coiistance  \iaxsi 


(Stoaographar) 
(Purchasing) 
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Hate  of  ApTJoiataant  of  Passant  Stafjf 


Antri%  J«  daC 
Bell»  Jo  fio 
fiXaokp  Eo  La 
Brehma,  S«  ?o 
Bz«nhaB^  Ao  K<,  (1) 
Burgers*  A« 
Burr,  X,  Ua  (3) 
(%ai]g*  To  Po 
Clase^  Je  Fo 
Ctitch0lli  C*  Mo 
Dellsur*  J.  \h  (2) 
Doleh^  \ic  L«  .(2) 
Goetz^  W«  H,  <3) 
GutetdUler*  lie  J«  (3) 
HaiBiai,  So  Jo 
Jaaesi,  Wo  P« 
Johnson,  H«  Wo 
Jousneaua^  No  Lo 

JOUl^;»    Ho    Co 

Lippais  So 
LobOp  Co  T« 
lohr,  Ao  Fo 
LuttxeUj  Uo  Bo 


Preaent  Titla 
Rsssaxeh  Assistant 
Bssaarch  S^lnser 
Laboratory  Toohnieian 
Graduate  Assistant 
Researoh  Associate 
Graduate  Assistant 
Besearoh  Associate 
Graduate  Assistant 
Graduate  Assistant 
Stenogirapher 
Itesaarch  Enginse? 
Reeraareh  Associate 
Hssearoh  Bngineer 
Besearoh  Engineer 
Graduate  Assistant 
Graduate  Assistant 
Esseareh  Engineer 
Graduate  Assistant 
Graduate  Assistant 
Bseearch  Enginser 
Graduate  Assistant 
Gsaduate  Assistant 
Graduate  Assistant 
Laboratory  Assistant 


Appointaiaot 
Septen&er  1»  195^  (A) 
Septesjber  1S»  195^^  (B) 
NoveniMr  1,   1953 
Februaxy  Ip   I96I 
Sspteatoer  1>  1939  (C) 
February  1^  196I 
Februaxy  L,  1958 
February  1»  1961 
Februaxy  1?  1961 
October  6,  195d 
July  1«  195d 
Sapteober  15^  1947 
May  13*  1938 
Septester  1$  1957 
SeptesSber  12^  I960 
September  %   I960 
Februaxy  1:>  I960 
February  1«  I96I 
Septesiber  16;,  1959 
Sepfceni>er  1^  I960 
September  1,  I960 
September  15$  1960 
September  15j>  I960 
August  6j,  193d 


xXtLta  ci-tatnl  to  ;ffi>. 


JbUiisa 


(A)  d?9I  ^  •ktKigci»Jxj»8 
e^9I  4X  rtsdsQvoU 

3591  .X  'C^'kinc'^'-' 
XdeX  ,X  'Ct««<^»^ 
Xb9J:  ^X  ^ssniiol 

^♦i?X  tCX  latfaWqe^ 

Od?t    .HI  l€Kte»4q»K: 

OdCi  <;9  aodBoJhq^oe 

\>69X    :X  xu<rt<fa^ 

Xd9X  «X>  'Cuumf»'^ 

^;e9X  ,ax  -xodaAJqeC 
Od9X    jl  todiifiivflZ 

a«x  »u 


tw«iij^  itexMsoB 

:^naS>xtl»k  eit^vsr'^ 


msii 
Ottb    l»  .jattiuk 

^  .1.  aMaIO 

.11  *0    .XXm(9J±x3 

(v;   M  <(.  tXMlXad 
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Mclaughlin*  J«  F«  (2) 
KLohael^  K.  L.  (2) 
mieaj,  Ro  D«  (2) 
mUar^  F«  D« 
Vbevaiaad^  T« 
Nak&nuras  7«  Fe 
Parvi3«  Ibrld  (2) 
Pattgrj  D,  F, 
Soudioslf  P,  Fo 
Sndth?  Exnastiiio 
Stanrer«,  ?«  Oo 
Tkarp»  KoJo 
KaoHj,  Co  Do 
Uooda^  K,  B.  (4) 
leh*  Po  ?•  (1) 
loder^  So  Ja  (2) 


Assistaxit  DiFsetor 
Bseearsh  Bngiitser 
Graduate  Assistant 
Graduate  Aasistaiit 
Gradiiatd  Assist^xt 
lissdasch  Engines? 
Bssearoh  Assistant 
Graduate  Assistaxxt 
Pus>shasiDi;  Cljssk 
Rsseareh  Assistant 
BBsaarch  Englnsar 
l^irpiat 
Direotor 

Ito&earch  Esg^amr 
Bssearch  Esginesr 


Ssptexter  1,  X950 
Ffebrmiy  2*  1950 
Septes^r  1;,  1%9 
Febroarjr  I^  I960 
Fehxvaxy  la  I960 
Septeniber  22,  I960 
2&xch  I9  19A6 
Fsbruarar  !»  1959 
Juno  I4  I960 
Sspbeidber  22«  I960 
Septsober  1,  195d 
June  If  I96I 
Februazy  16«  1959 
Februajy  1,  1939 
February  1,  1953 
Septeniwr  1,  1949  (D) 


(1)  Assistant  Professor 

(2)  Associate  Professes* 


(3)  Professor 

(4)  Head 


Ao    Resigned  Ifay  31,  1957  ajsd  reappointed  SeptoaOaer  1,  1957#  tten  spesignsd 
June  iUp  195s  and  rs^pointed  Januaxy  22,  1959« 

Bo    Reslgnsd  June  3p^  1956  and  reappointed  Febsuasy  1»  195de 

Co    Basignsd  August  1^  1941  and  reappointed  August  1,  1949^    Cto  leaxw  of 
Absence  1960ui6l« 


D«    Resigned  Oeceaiier  31»  1947  and  rsappointed  Septesdber  2^  1949a 
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PUBLtCATIOKS 

Papers^  BoXXstiisi^  Eapslnta^  end  The^a 

Jul7  1,  I960  to  Jtsm  3P»  1961 


Bgsearoh  Activities  BiilIetln8«^Bngii^glc^  EamerJgBnt  Statio:^ 
(Fxom  Jasoiscey  19^6  to  date; 


E£S  Bullo 

Vol* 

Noo 

Sst« 

Publications 
(inclusive) 

Period  Qoversd 

^ 

25 

Sept,  1941 

IP  -45P 

Jan,  1936 

«  Jur<0  1941 

85 

26 

4 

July  1942 

46P  -  6QP 

Jtdy  19a 

»  Jwm  1942 

91 

27 

6 

Nov,  1943 

61P  -  73P 

jijoy  1942 

«  June  1943 

94 

29 

1 

Jan.  1945 

74P  «91P 

July  1943 

-  June  1944 

96 

29 

4 

JuOy  1945 

92P  -  1Q3P 

JuOy  1944 

-  Juiie  1945 

100 

31 

1 

Jeno  1946 

lOsP  «iai,p 

July  1945 

«  June  1946 

102 

31 

5 

Sspt.  1947 

119?  »  357P 

July  1946 

-  Jux»  1947 

107 

33 

i 

Jaao  1949 

158P  »  176? 

July  1947 

-  June  194s 

no 

34 

2 

I&To    1950 

177P  -  21 2P 

July  1948 

-  June  1949 

113 

35 

4 

JnX7  1951 

21,3P  «  243? 

JtOy  1949 

»  June  1950 

116 

36 

3 

1^1952 

2hU?  «  2r2P 

Jtay  1950 

=»  June  1951 

119 

37 

3 

Hg^l953 

273P  »  307P 

J«3y  1951 

«  June  1952 

120 

37 

6 

Nw*  1953 

30gP»345P 

July  1952 

-  June  1953 

122 

3a 

6 

Novo  1954 

346?=-374P 

July  1953 

-  June  1954 

126 

39 

6 

HoT«  1955 

375P  «  40Qi> 

July  1954 

<»  June  1955 

132 

40 

4 

Dee«  1956 

401P  «  i,A5P 

July  1955 

«  June  1956 

136 

41 

4 

Oeco  1957 

443P  -  472? 

Ju]y  1956 

-.  June  1957 

139 

43 

1 

Mar«  1959 

473P  «  509P 

Ju]y  1957 

-  June  1958 

la 

44 

3 

I^  I960 

510? .-  535P 

July  195s 

»  June  1959 

U3 

45 

1 

Jane  1961 

536?  "  56ffi> 

July  1959 

»  June  I960 

*  Also  see  EES  Bulletin  No«  99  TOnLdh  covezs  a  oosrplete  listing  of  pub-> 
lloations  1-122P,    These  Bulletins  contain  su&BBrles  of  the  various 
research  projects  as  v«ll  as  sous  inforsation  on  the  publications  by 
the  staff*    The  Abstracts  Bulletin  initiated  in  1956  contains  a  steot 
abstract  of  e£«h  ataff  publication  or-  thesis^ 
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Abatzaets  of  Eagiiaeriiag  Staff  FttblleaticmB  and  Thesatg 

(Fiom  195^'io  date) ' 

BES.&|33i^     Yolo    MOp  Dat^  SacltKlei^  Paxlod 

Pi^Hgatioaiji 

1  Ife2«h  195?  40aP  «  it42P  J«2^  1955  »  Jtsn©  1956 

1  mesh  1958  443P  «  472P  July  195^  -  Jtsns  1957 

2  Jiaifi  1959  473P  »  509?  'Ja2y  1957  •»  J«ae  195d 
4  Ju3y  I960  51<S»  «  535P  JtOy  1958  «  Jmis  1959 

3  May  1961  536P  -  56aP  July  X959  «  Jtaia  I960 


233 

41 

237 

42 

140 

43 

142 

44 

144 

45 

569P    "Laboratory  Beseart^  on  Pavsissnts  Contlauously  EalnfoTsed  with  Ifolded 
Wirs  Fabilci*  by  I^  J.  GutzwiUer  and  J«  Lo  l<Jalingd  Bulletin  23S^  HS^°° 
vay  Heseareh  Board;  Washington^  Do  C^g  pp»  39^7«  I960  (Civil  Snglxisss^ 
ing  Ssprint  No«  176)o 

570P    "Crack  Formation  in  Continuouslyi-Beinforeod  Pavsnents"  by  Mo  Jo 

Gutzfdller  end  Je  Le  Vlaling,  Bulletin  233>  Hi^visy  Heseareh  Boards 
VJashington,  D«  Ge^  pp,  64»77>  I960  (Civil  Engineexdng  Reprint  NOo  177)* 

57IF  "Transportation  and  Eoons^o  Potential  in  the  Arctic"  by  Ko  Be  Vkxtds 
and  R«  F«  Legget^  Taraiffie  Quarterly,  October  I960  (Civil  Engineerii^ 
Reprint  Ito,  179 )« 

572P    "Stresses  and  Itefleotions  in  Concz^te  Pa^erasnts  Continuously  Reinforced 
vrith  ivelded  Viire  Fabric"  by  Uc  J»  Gutswiller  and  J*  Lo  VJalingj  BaHetin 
233,  HighvjEy  Research  Board,  Washington,  D,  Co?  pp»  43-63*  I960 
(Civil  Engineering  Reprint  HOs  130)^ 

573P    "Desigidjig  Fins  Bituadnous  i-iixtures  for  High  Skid  Resistance''  hj 

Jo  Ea  Stephens  and  U«  Ha  Goets,  Highvay  Bsseareh  Board  Proeeedil^gs^ 
Vole  39s  PP^  173-19Q,  I960  (Civil  Epgineering  Beprint  Ifoo  lffl.)« 

574P    "Design  of  a  Pressmi^-Sex^^itivs  Cell  and  llodsl  Studies  of  Pressures 
in  a  Flexible  Pavensent  Subgrade"  by  To  Fc  l-fcl-fehon  and  Eo  J*  Yoder^ 
Highv;ay  Research  Board  Ps^ceedings*  Vole  39*  PPo  650^632,  I960 
(Civil  Enginssring  Reprint  !&>»  183) « 

575P    "PhotogramnBtric  Jfeasiaransnt  of  Final  Pay  Quantities  in  Highivsy  Cos>- 
struction"  tgr  Rp  r,  Johnson  and  Ro  Do  lliles^  Pr9cs^±ngs  of  the  46th 
Annual  Road  Sohool^  Purdue  University^  E^ension  Series  No«  105$ 
Volo  4^«  No.  6,  pp«  253-^9,  liovrejOjer  I960  (Civil  Engineering  Pjeprint 
Moo  135)o 
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576P  "Ideating  Slippery  Highway  Sites  by  Aeeideat  AaasLlsrsia"  l^  V»  Go 

Stovor  and  He  L,  IHchaelg  Proosedings  of  the  A6th  Annual  Road  Sch&»l« 
Purdue  University^  Esdtension  Series  £k><i  IO59  Vol«  44^  HOe  6;»  ppo  236^ 
253t  November  I960  (Civil  Engineering  Reprint  Noo  166 )» 

577P  f'Hi^way  Extension  and  Heeeareh  Project  jBar  Indiana  Counties-'  by  Ko  Bo 
Wood8»  Proceedings  of  the  46th  Annual  lioad  School,  Purdue  Unives^iiy^ 
Extension  Series  No»  105,  Vole  A4»  Noe  6,  ppo  209-23.^  Noveiaber  I960 
(Civil  Engineering  Bsprint  No«  187)6 


Pwaes 


578P  "Strength  and  Volurw  Change  Characteristics  of  a  Bitunsinous  Jlixture 
under  Triaxial  Testing"  A  thesis  submitted  to  the  faculty  of  Purdu© 
University  by  Jastes  Ha  Sehaub  in  partial  fulfillosnt  of  the  reqxxire«> 
msnts  for  the  degs-ee  of  Doctor  of  Philosophy^  August  I96O0 

579P  "The  Fatigue  Propos^ies  of  Lightweight  Aggregate  Concrete"  A  thesis 
submitted  to  the  faculty  of  Purdue  University  by  \{arren  Ho  Gray  in 
partial  fulf illasnt  of  the  requirenents  for  the  degree  of  Ifaster  of 
Science  in  Civil  Engineering^  AT;igu3t  I96O0 

580P  I* A  I&thod  of  Evaluating  Gradings  of  Cozierete  Aggregates"  A  thesis 
submitted  to  the  faculty  of  Purdue  University  by  Sander  Popovics 
in  jartial  fulfillment  of  the  requirenexrtis  for  the  degree  of  Doctor 
of  Philosoi*y;j  January  I96I0 

581P  "Evaluation  of  Major  Urban  Interse^^iions"  A  thesis  subndttad  to  the 
faculty  of  Purdue  University  by  William  W«  Schenler  in  partial  ful» 
fiUicent  of  the  requirements  for  the  degree  of  Do<^r  of  Philosoidiy^ 
January  1961« 

58S,?    <*A  Study  of  Chezt  and  Shale  Gravel  in  Concrete'*  A  thesis  submitted 
to  the  facvilty  of  PuMua  University  by  Robert  L«   Schizstar  in  partial 
fulfillment  of  the  rsquireiasnts  for  the  degree  of  Doctor  of  Philosophy^ 
Januaxy  19616 

503P  "Application  of  the  Kneading  Con^ctor  and  Hvsem  Stabilcnaeter  to 
BitumiJious  Concrete  Design  in  Indiana"  A  thesis  submitted  to  the 
faculty  of  Purdue  University  by  Noel  Go  Gaudette^  Jro  in  partial 
fulfillfflBnt  of  the  requirements  for  the  degree  of  Mster  of  Seienoe 
in  Civil  Engineezlng,  Januaxy  196l« 

58WP  "Hydraulics  of  Single  Span  Arch  Bridge  Constrictions"  A  thesis  sub- 
mitted to  the  facility  of  Purdue  University  by  Paul  F»  Biery,  j2*o  In 
partial  fulfillment  of  the  requireicents  for  the  degree  of  lister  of 
Science  in  Civil  Engineering,  Januaxy  1961© 

585P  "Statistical  Analysis  of  Soil  Variability"  A  thesis  siabmitted  to  the 
faculty  of  Purdue  University  by  Delon  Han^ton  in  partial  fulfillment 
of  the  requizvments  for  the  degree  of  Doctor  of  Philos<:^^y  June 

1961a 
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"Evaluation  of  a  Flexibis  Test  Pavemsnt**  A  thesis  subisitted  to  ths 
faoulty  of  Purdue  University  by  Hichasd  D«>  l^^aUrar  in  p&rtiaX  ful« 
fillnwat  of  the  requiresssnts  for  tha  degs^e  of  Doctor  of  Philosopi^^ 
JUtt9  I96I0 

587?  "A  study  of  the  Early  Effeets  of  a  Rural  Interstate  Highi^ay"  A 

thesis  submitted  to  the  faculty  of  Purdue  University  by  Joseph  Ao 
Fletcher^  Jr«  in  partial  fulfillnsnt  of  the  requirenents  for  M!cm 
degree  of  I-Saster  of  Sciencs  in  Civil  ISngineeringf  June  I96I0 

58©  "Effects  of  Repeated  Loading  on  Gravel  and  Crushed  Stone  Base  Cous^a 
I&terials  Used  in  the  AASHO  Road  Test''  A  thesis  sub^tted  to  the 
faculty  of  Purdue  University  by  Joha  Hb  Hayaes  in  pairtial  fulfill- 
asnt  of  the  requirements  for  ths  degree  of  I&ister  of  Science  in 
Civil  Engineerings,  June  196I0 

589P  ^'Classification  and  Glossary  of  land  Fonus  ai^  Parent  Materials'^  A 
thesis  subsdtted  to  the  faculty  of  Purdue  U^versity  by  Ronald  Lo 
Terral  in  partial  fulfilloent  of  the  raquirensnts  for  the  degree  of 
I&ster  of  Ssieno®  in  Civil  Engineerdjng^  June  I96I0 

Other  Publicatioiy 

59QP  "IMforndty  of  Traffic  Control  «  Has  it  Been  Aahieved?"*^  H»  Le 

I-&.ohael>  Traffic  Quarterlys  Volo  XST,  Koe  Ij,  January  1961  (Also  in 
The  Alabanfi  I^Sonicipal  Jour22aly  Vole  1%   No«  9.  Ilarch  196l)e 

59IP  "Sstiiaation  of  County  Primary  Ibad  System  Ksede  By  Sangile  Survey 
Mathods^"  Do  O9  Covault  and  H«  L^  I-!iehaelj)  Highx^ay  Research  Board 
Bulletin  249*  I960* 

592P  "The  Planning  Function  of  Traffic  Engineeslng, »  He  L.  M^iael^  Pro-> 
oeedings^  46th  ilnnual  Road  School^  Purdue  University,  Vol^  44«  No..  6^ 
Series  No.  105«  ^xrvo  I96O0 

593P  ^I-Iission  of  ACR,"  W»  Lo  Dolch,  1-Iateriala  Research  and  Standards^ 
?olo  1;,  IJOo  1,  January  I96I0 

594P  "Ba«ic  Principles  of  Pavement  Design,"  Eo  Jo  loder.  Public  TJorks, 
I-ferch^Aprll"l'&y  I96I0 

595?  "Photo  Interpretation  of  Soils,"  Ifenual  of  Photographic  Interprets- 
tion«  Po  Te  Ish  and  R«  D,  I^Iiles  i4ith  Ro  Eo  Frost,  et  al^  Aiosriean 
Society  of  Photogsiwunetry,  196O0 

596P  "The  Use  of  Aerial  Photos  for  Planning  and  Site  Selaction,"  Ro  D« 

Miless  Proceedings,  Great  lakes  States  Industrial  I^veloiaiBnt  Coun- 
cils I96I0 

Notes  In  addition,  '*Pz>oededing8  of  ths  46th  Annual  Purdue  Boad  School," 
Extension  Series  105,  Volo  44,  Noe  6,  Novesiber  I960}  'a96l  Direetosy, 
Indiana  State,  County  and  City  Hi^way  Of fleials,  <md  "Highviay  Extent 
sion  NsvB,**  issued  periodically  ^«sre  edited  t^  J.  F.  iM<aughlin  and 
publishad  by  the  Joint  Highway  Itesesrch  P2w;}ectc 
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